This study examined 6-month-old infants' abilities to use the visual information provided by simulated self-movement through the world, and movement of an object through the world, for spatial orientation. Infants were habituated to a visual display in which they saw a toy hidden, followed by either rotation of the point of observation through the world (simulated self-movement) or movement of the object itself through the world (object movement). Following habituation, infants saw test displays in which the hidden toy reappeared at the correct or incorrect location, relative to the earlier movements. Infants habituated to simulated self-movement looked longer at the recovery of the toy from an incorrect, relative to correct location. In contrast, infants habituated to object movement showed no differential looking to either correct or incorrect test displays. These findings are discussed within a theoretical framework of spatial orientation emphasizing the availability and use of spatial information.
space could be coded relative to one's body position (egocentric coding), to its geometric structure (geocentric coding), or to the position of important landmarks (allocentric coding). Within this framework, questions have focused on what spatial system is used by children at a young age, how the choice of system might vary with differing situations, and so on. For instance, one suggestion has been that children undergo a developmental progression from using an egocentric spatial coding to allocentric coding with increasing age and experience (Acredolo, 1990; Campos et al., 2000; Newcombe et al., 1998) .
The idea that children employ different coding schemes at varying developmental times does have some drawbacks, however. For instance, children's spatial abilities vary with particular environmental contexts or experimental tasks, as demonstrated by Bremner (1978a Bremner ( , 1978b Bremner & Bryant, 1977) , who observed that children were better at recovering a hidden toy following self -movement (180º rotation) around a hiding array relative to object movement. This result implies that children switch reference schemes depending on the experimental context, and thus shifts the focus to describing the contexts that induce one or the other form of spatial coding. Unfortunately, determining which spatial coding system is being used is often done after the fact, not on a priori predictions of factors that promote particular representational systems (but see Wang & Spelke, 2000 , for a notable exception).
An alternative explanation focuses on explicating the available spatial information, how this information changes with varying environmental conditions, and children's abilities to use such information (Jewell, 1999; Jewell & Schmuckler, 2000; Presson & Somerville, 1985; Schmuckler & Tsang-Tong, 2000; Sophian & Wellman, 1983) . For example, Bremner's results could be explained by noting that self-movement produces a wealth of perception (e.g., visual) and action (e.g., proprioceptive and vestibular) system information specifying how the world changes, whereas object movement produces only visual information for this change. Accordingly, the superior search performance following self-movement is simply a result of this differential information.
Based on this framework, Schmuckler and Tsang-Tong (2000) manipulated visual and action system information by presenting 9-to 18-month-old infants with self or object movements (varying action information) that could occur in the light or dark (varying visual information) . In this situation, spatial orientation was again better when perceptual and action systems provided information for movement through the world, relative to all other combinations. Along with varying perception and action system information, these studies also examined the use of static cues (i.e., position or color) for object location, and found that a target-specific cue (color) led to better search than an indirect (left vs. right position) cue. This result is also consistent with the idea that the nature of the information available for spa-tial orientation can succinctly characterize infant spatial behavior. In explaining their results, Schmuckler and Tsang-Tong (2000) noted that not only does selfmovement contain action information, it (in contrast to object movement) also produces global optical flow, a very compelling stimulus for movement. As such, even based solely on the visual information, self-movement more powerfully signals changing spatial relations.
Given Schmuckler and Tsang-Tong's (2000) theoretical view, one important implication is that better spatial orientation should occur in response to the visual information arising from self-movement, compared with object movement. Such visual input could be produced by creating a full-scale environment that literally moves around a stationary observer. Unfortunately, such a situation produces some obvious practical difficulties, and thus was not employed in this study.
As an alternative, it is possible to move a recording video camera through the world. This camera would then capture the visual changes associated with selfmovement, thus producing a simulation of this optical information. For comparison with this simulated self-movement, a similar object movement sequence could be created, thereby enabling an assessment of spatial abilities based solely on the visual information for self versus object movements. Of course, it is questionable whether such visual displays would actually induce manual search. However, such displays could be used with a visual response measure to index infants' spatial abilities (e.g., Ahmed & Ruffman, 1998; Baillargeon & Graber, 1988; Kaufman & Needham, 1999) .
Recently, Kaufman and Needham (1999) compared infant spatial orientation to self and object movements, testing 6.5-month-old infants in a habituation version of Bremner and Bryant (1977) . In this work, infants were habituated to an object sitting on the corner of a table. Following habituation, half of the infants were moved to the opposite side of the table, and half stayed in their original position. Half of the infants in each condition were then shown a display in which the object moved to the opposite corner of the table, whereas the remaining infants saw a display in which the object moved to the opposite corner and then returned to its original position. Looking time analyses revealed that infants dishabituated to an actual change of location in the object (i.e., when the object moved to the opposite corner) regardless of whether they themselves moved. Simple changes in location relative to the infant, however, did not induce dishabituation. These results suggest that 6.5-month-olds code space allocentrically and can update this representation based on passive movement. Unfortunately, because Kaufman and Needham (1999) actually moved infants, this work cannot address the efficacy of the visual differences themselves in driving differential spatial orientation. Answering that question was the goal of this research.
METHOD Participants
Forty 6-month-old infants (M age = 26.0 weeks, SD = 1.62 weeks) participated in this study. An additional 11 infants were tested but not included due to fussiness (n = 5), technical difficulties (n = 5), and experimenter error (n = 1). All infants were recruited from the ethnically diverse community in and around Scarborough, Ontario, Canada.
Experimental Apparatus
All stimuli were recorded using a Sony Video 8 Handycam camera mounted on a rolling tripod. Videotaped events were played to infants using a JVC BR8600U professional editing VCR, and appeared on a Sony 14-in. CVM-194 monitor, positioned approximately 2 ft from infants. Below this monitor was a JVC GF-700 video camera that provided an image of infants' faces. An experimenter in an adjacent control room noted fixations by toggling the spacebar of an IBM-compatible 286-MHz computer keyboard.
Stimulus Materials
Stimuli consisted of videotaped events. All videotaped segments were recorded in a roughly rectangular space, in which the four backgrounds of the space were visually distinct, with a row of lockers on one side, a wall with an elevator on the second side, a glass door and stairwell on the third side, and a long corridor on the fourth side. For habituation, four sequences, shown schematically in Figure 1 , were created. The initial segments of all sequences showed a 51-cm diameter round table containing a blue cup on the left, a red cup on the right, and a colorful cylindrical rattle between the cups. Standing behind this table was an experimenter who lifted the rattle, shook it, and dropped it into one of the cups. The toy was hidden in the left cup or in the right cup in two of the four events, respectively.
Following hiding, one of two displacements occurred. In simulated self-movement the video camera filming the event was rolled 180°to the opposite side of the table; this movement took about 20 sec. Two self-movement events were created. When the toy was initially hidden in the left (blue) cup, the camera was rotated clockwise, and when the toy was initially hidden in the right (red) cup, the rotation was counterclockwise; both rotations kept the hidden toy in the foreground. Because of the visual distinctiveness of the four background spaces, simulated self-movement was clearly indicated by the global optic flow of one background texture into another, as well as the fact that the experimenter hiding the toy gradually disappeared from view as the camera rotated around the table.
For object movement the camera remained stationary while the table was rotated 180°, with this movement lasting about 17 sec. Again, two object movements are possible. When the toy was initially hidden in the left cup, the table was rotated counterclockwise, and when the toy was hidden in the right cup, the table was rotated clockwise. Visually, this condition provided only localized optic flow of the focal objects (the table with the hiding array) relative to the stationary background, FIGURE 1 Schematic diagram of the movement conditions. X indicates the location of the hidden toy. and was also indicated by the fact that the experimenter stayed in the camera's view during the entire motion.
Finally, two test events were created in which an experimenter lifted both cups off of the table and tilted them forward. In one of these events the toy emerged from the blue cup (now on the right side), and in the other the toy emerged from the red cup. Both events were short, lasting about 7 to 8 sec, with each event showing the reappearance of the toy in the correct or incorrect location, depending on the original side of hiding. For all habituation and test events, the viewing angle of the camera remained constant, with the camera position approximately 5 ft above the floor, looking down slightly onto the hiding array.
Experimental Design and Paradigm
Crossing movement type (simulated self-movement vs. object movement) and side of hiding (hidden to the left vs. hidden to the right) produced four conditions: simulated self-movement left, simulated self-movement right, object movement left, and object movement right. Ten infants were assigned to each condition.
All infants were tested using an infant control habituation procedure (Horowitz, Paden, Bhana, & Self, 1972; see Rosenblum, Schmuckler, & Johnson, 1997 , for details of this procedure). Once begun, a habituation trial continued for as long as infants maintained fixation, up to a maximum of 120 sec. Trials ended when infants either looked away for 2 sec, or the maximum looking time had been reached. Infants were considered habituated once their fixation time on two consecutive trials dropped to 50% of their initial interest on the first two habituation trials totaling more than 12 sec. With this procedure, the minimum number of habituation trials is 4 and the maximum is 20. Following habituation, infants saw the two test events twice each, in alternating order (i.e., correct-incorrect-correct-incorrect or incorrect-correct-incorrect-correct). Test trials ended when infants looked away for 2 sec or fixated for 120 sec.
Procedure
Each parent sat on a chair positioned 90°(facing the side wall) relative to the stimulus monitor, with the infant seated on the parent's right leg facing the monitor. Each parent was asked to not look at the monitor during the study; by and large, parents cooperated with this request. Once the parent and infant were situated, the experiment was begun. If the infant failed to fixate the habituation stimulus, an experimenter attempted to attract the infant's attention. Overall, the procedure lasted about 10 min, with the entire visit to the laboratory lasting about 45 min.
Reliability
Reliability codings of visual fixations for a majority of infants (n = 38) were conducted by a second naive observer using the videotapes of infants' fixations. Reliability coding for the remaining 2 infants was not calculated due to a loss of the videotaped visual fixations. Amalgamating across infants, the average absolute difference between original and reliability for the habituation trials was 2.1 sec (SD = 4.4), and for test trials it was 1.4 sec (SD = 2.4). The original and reliability codings for the habituation sequences were strongly correlated, r(288) = 0.98, p < .001, as were test trials, r(150) = .94, p < .001.
RESULTS
Initial analyses focused on the habituation data, looking at the number of trials to habituate, the total habituation looking time, the average habituation looking time per trial, and the criterion looking time, using two-way analyses of variance (ANOVAs), with the between-subjects factors of movement condition (simulated self vs. object movement) and side of hiding (initially hidden to the left vs. to the right). The means and standard deviations for these measures and the results of these ANOVAs appear in Table 1 , and reveal no differences as a function of either factor.
Having determined that habituation did not differ between the various conditions, subsequent analyses examined the test trial looking times, using a four-way ANOVA, with the within-subjects factors of test display (correct vs. incorrect) and trial (Trial 1 vs. Trial 2), and the between-subjects factors of movement condition and test trial order (correct-incorrect vs. incorrect-correct). Of Figure 2 , and reveals greater looking at the incorrect display than the correct display following simulated self-movement, but no difference following object movement. Further exploration of this interaction using planned comparisons revealed a marginally significant difference between correct and incorrect displays following simulated self-movement, t(19) = -1.71, p = .052 (one-tailed), but no difference following object move-312 SCHMUCKLER AND JEWELL FIGURE 2 Looking time (and SEs) as a function of the display type (correct vs. incorrect) and movement conditions (simulated self vs. object). ment, t(19) = 1.25, ns. There were no significant effects for the remaining threeor four-way interactions. 1 Following this analysis, test trials were also examined to look for evidence of dishabituation relative to the habituation sequence. Although frequently ignored in recent work using habituation, demonstrating dishabituation is essential in establishing that infants were actually familiarized with the habituation information. Failure to examine for dishabituation is frequently justified on the grounds that because the test displays are markedly different than the habituation sequence, infants will likely dishabituate to all of the displays, thus rendering such effects ambiguous as to their implications. This argument, however, is specious for two reasons. First, evidence of dishabituation to multiple test events does not preclude comparisons of the test events themselves, thereby providing a more exact determination of relative degrees of discrimination. Second, this argument ignores the fact that habituation is fundamentally a discrimination procedure (Bogartz & Shinskey, 1998; Bogartz, Shinskey, & Schilling, 2000; Bogartz, Shinskey, & Speaker, 1997; Cashon & Cohen, 2000; Haith, 1998; Haith & Benson, 1998) . Without evidence of dishabituation, it is unclear whether or not infants even abstracted any information from the habituation displays, thus undermining all claims as to the purported roles of this prior exposure.
To test for dishabituation, looking times to correct and incorrect events (averaged across trial) were compared to the final two habituation trials. For simulated self-movement, both correct (M = 11.56, SE = 1.94) and incorrect events (M = 17.13, SE = 3.15) exceeded the last two habituation trials (M = 6.08, SE = 1.38), 1 One worrisome issue involving the looking times toward the test events is that because the minimum look criterion built into the habituation procedure was shorter than the length of the event sequence itself, infants might have look durations shorter than it would take for a complete repetition of the test event. In response to this concern, the data for the test trials were examined for all fixations less than 4.0 sec, which was roughly the amount of time required to see the object reappear out of the cup in the two dishabituation events. For the object movement condition, 25% and 30% of the trials fell below this critical time for the correct and incorrect trials, respectively; for the simulated self-movement condition, 32.5% and 10% of trials fell below this critical time. Although there do appear to be a substantial proportion of trials falling below this critical value, there are reasons not to be overly concerned by this fact. First, despite there being some trials in which looking times were indeed short, infants' mean looking on the test trials was long enough to have seen the entire test sequence at least twice (between 12 sec and 16 sec); hence, they clearly did generally see the critical reappearance information on average. Second, a comparable analysis to that reported in the text of looking times to the test events, removing data falling below this critical time, produced similar results, with the Test Display × Movement condition almost reaching significance, F(1, 15) = 4.05, MSE = 180.77, p = .06. The fact that this interaction is now only marginally significant is to be expected, given that removal of looking times less than 4.0 sec trims the data of those trials showing the strongest generalization between habituation and test, and thus more selectively affects the data for the correct trials of the simulated self-movement condition than any other condition (a fact borne out by the percentage of trials falling below this critical value, as described earlier). 
DISCUSSION
This study demonstrated that after viewing an object being hidden infants had stronger expectations for where that object should reappear after seeing simulated self, as opposed to object movement, through the world. This finding was indicated by differential responses to the test trials between the conditions, and by differences in dishabituation between the conditions. Before discussing the theoretical implications of this finding, it should be recognized that these results diverge from other findings suggesting that young infants will show evidence of spatial understanding for object movements when tested using visual measures, as opposed to manual reaching measures (e.g., Baillargeon, DeVos, & Graber, 1989; Baillargeon & Graber, 1988; Newcombe, Huttenlocher, & Learmonth, 1999; Wilcox, Nadel, & Rosser, 1996; Wilcox, Rosser, & Nadel, 1994) . Although it is difficult to definitively account for this divergence, there are a number of factors that might underlie this difference. Most obviously, there are the myriad methodological differences between this study and the previous work. For instance, there is the fact that previous work has tended to use live action displays, which are potentially extremely attention holding, whereas this study relied on videotaped presentation. Additionally, previous work in this area has typically shown infants invisible object displacements in which an object is hidden at one location and then magically (with no relevant intervening information) reappears at a different location as the impossible (spatially violating) display. Such displays might drive infants' interest for any number of reasons, some having nothing to do with spatial violations. For example, it might be that infants' interest in the impossible event is due to the object having moved without their having seen it move; in this case, the focus is on the invisible displacement and not on the violation of spatial relations. Or it might be that the impossible display is interesting from a numerical point of view, in that it implies two hidden objects, as opposed to the one object with which infants were familiarized, and that reappeared in the possible display. Current research on infants' perception of number does suggest sensitivity to increases in quantity, particularly with small sets of one to three items (e.g., Carey & Xu, 2001; Feigenson, 2005; Feigenson, Dehaene, & Spelke, 2004; Xu, 2003) .
Along with methodological differences, it should be recognized that the evidence for 5-to 7-month-olds' abilities to correctly spatially orient to changing object locations using visual measures is not as consistent as is often assumed. Al-though a thorough review of the literature is beyond the scope of this article, it is instructive to look closely at some well-known studies of the spatial abilities of infants in looking studies. For instance, classic work by Baillargeon and Graber (1988) and Baillargeon et al. (1989) is often cited as evidence for the spatial abilities of young infants using looking time measures. One frequently overlooked aspect of this work, however, is that the evidence for spatial understanding in this work was only observed for relatively older infants, between 7.5 and 8 months old. In contrast, younger infants failed to demonstrate any spatial knowledge (Baillargeon & Graber, 1988) . As another example, Newcombe et al. (1999) is often cited as providing evidence that 5-month-old infants look more toward the reappearance of a previously hidden object at a different location from where it was originally hidden, relative to recovery at the same location. What is not emphasized, though, is that in virtually every one of Newcombe et al.'s five studies, some aspect of the reported data and analyses (e.g., first look durations, total looking times) did not support this pattern, with the relevant measure often changing from study to study. Thus, although the general interpretation of infant behavior in this project may support spatial understanding in 5-month-old infants, the specifics of the findings were less consistent. Similarly, the well-known studies by Wilcox and colleagues (Wilcox et al., 1996; Wilcox et al., 1994 ) provide yet another example of the idea that young infants do not always display sophisticated spatial abilities when tested using looking time. Testing 6.5-month-old infants with a four-location hiding array, Wilcox et al. (1994) did not observe uniformly greater looking to incorrect object recoveries relative to correct object recoveries. Instead, such evidence was only found when objects were hidden and reappeared at particular locations in the hiding array, and not at others. In contrast, using a two-location hiding array, Wilcox et al. (1996) did find consistent evidence of spatial orientation in 6.5-month-olds regardless of the specific position of hiding. Finally, other studies employing visual measures have clearly indicated a failure of spatial awareness in young infants. Hofstadter and Reznick (1996) , for instance, found that both 5-and 7-month-old infants (but not older infants) made a significant number of A-not-B errors (suggesting a failure of spatial updating) even when measured using a gaze direction response. As such, there do appear to be many situations in which 5-to 7-month-old infants' spatial abilities (as frequently indicated by more visual attention to incorrect relative to correct hidden object reappearances) are, at best, subpar. Thus, the findings here in the object movement condition are by no means unique.
Moving beyond this empirical issue, what theoretical frameworks are useful in understanding the observed differences in spatial abilities between simulated self and object movement conditions? Theoretically, these findings fit most comfortably with the idea that search behavior can be understood relative to the available information promoting more or less effective spatial orientation (Jewell, 1999; Jewell & Schmuckler, 2000; Presson & Somerville, 1985; Schmuckler & Tsang-Tong, 2000) . One such information source involves the availability of global optic flow in the simulated self-movement condition, as opposed to the more localized optic flow of the object movement condition. A second information source has to do with the fact that in the simulated self-movement condition the object never actually changed its objective location, with infants seeing this location from varying viewpoints in the world. In contrast, in the object movement condition the object actually did change objective location. This distinction is potentially powerful information for understanding the differences in the spatial position of the hidden object vis-à-vis infants' positions across the two conditions, and could easily have played a role in these results. Third, and along with information provided by movement through the world, the background information of the test events relative to the habituation sequence provides an additional cue to infants. In the simulated self-movement condition, because the camera observer rotated 180°, the actual background behind the hiding array during the habituation sequence differed from the background of the test events. In contrast, in object movement the background remained constant between habituation and test. This change in background after simulated self-movement might thus have provided infants with another reminder (in addition to the actual cup positions themselves) that they were viewing an array that differed spatially from what they had seen during habituation, information that was simply not available with object movement.
What is a theoretical alternative to this account? The primary alternative theoretical option involves the use of different frames of spatial reference. This approach focuses on what environmental contexts or observer states promote the use of one frame versus another, and as such emphasizes the structure of the mental representation of space in the observer. Unfortunately, one nagging problem for this approach in explaining the current data is that these accounts assume that significant environmental changes, often coupled with movement of the observer, are the impetus for using different spatial reference frames. This assumption has been most clearly articulated by Campos et al. (2000) , for instance, who posited that varying locomotor experience or types of movements through the world differentially promote varying spatial strategies.
In this regard, Campos et al.'s (2000) ideas are interesting given that the infants in this study were prelocomotor 6-month-olds. Thus, evidence that wholefield optical movement is still more compelling than local movement information, even in observers devoid of the relevant locomotor experience (independent locomotion), presents a challenge for this approach. It might be argued that 6-month-olds have considerable experience with whole-field movements through being carried around, and that it is this experience that enables them to perform well in the simulated self-movement condition. For this argument to hold, though, it is critical that such experience exceed 6-month-olds' exposure to object movement in the world (or, possibly, rotational object movement). Although the relative frequencies of 6-month-old infants' experiences of being car-ried versus seeing object movement are unknown, intuitively they do not seem to support this line of argumentation.
Accepting, then, that these results are explainable via the information available for spatial orientation, it becomes important to more exactly specify what information is being used in such situations, with an eye toward developing a quantitative model of spatial orientation. In fact, there are many possible sources of such information. First, for instance, is the evidence of the importance of environmental structure, either in the form of familiar versus unfamiliar environments (e.g., Acredolo, 1978 Acredolo, , 1979 , salient individuals or objects (Acredolo & Evans, 1980; Cornell, 1981; Presson & Ihrig, 1982) , direct (e.g., beacon) versus indirect landmarks (e.g., Bushnell, McKenzie, Lawrence, & Connell, 1995; Lew et al., 2000; Lew et al., 2004; Lucas & Uzgiris, 1977; Sutton, 2006) , the geometric structure of the world (Hermer & Spelke, 1994) , and so on. A second source of information is how the world has changed relative to the infant (e.g., Campos et al., 2000; Landau & Spelke, 1988) , how such changes are specified to infants (e.g., global vs. local flow), and the infants' role in this transformation (Acredolo, Adams, & Goodwyn, 1984; Benson & Uzgiris, 1985; Bertenthal, Campos, & Barrett, 1984; Jewell, 1999; Jewell & Schmuckler, 2000) . A third source is the characteristics of the infant observer, including attentional allocation and visual tracking (Acredolo et al., 1984; Horobin & Acredolo, 1986; Jewell & Schmuckler, 2000) and perceptual-motor capabilities (e.g., being prelocomotor, crawling, or walking; Bai & Bertenthal, 1992; Bertenthal et al., 1984; Campos et al., 2000; Clearfield, 2004) . Although attempting to formalize such a diverse array of information into a coherent model is a daunting task, such an approach can provide quantifiable predictions of spatial abilities, and could easily incorporate developmental changes in spatial abilities through, for instance, weighting parameters, factor codings, and so on.
In sum, this study demonstrates that, based on visual information only, prelocomotor infants show better spatial orientation when presented with visual information specifying self-movement, as opposed to object movement. Such findings fit a theoretical approach emphasizing the availability and subsequent nature of spatial information. More generally, these findings provide a first step toward a more formal analysis of spatial orienting.
